and Soares A C. Child and maternal mortality during a period of conflict in Beira city, Mozambique. International Journal of Epidemiology 1996; 25: 349-356. Background. Child mortality rates have been declining in most developing countries. We studied child and maternal mortality and risk factors for child mortality in Beira city in July 1993, after a decade of conflict in Mozambique. Methods. A community-based cluster sample survey of 4609 women of childbearing age was conducted. Indirect techniques were used to estimate child mortality ('children ever born' method and Preceding Birth Techniques [PBT]), and maternal mortality (sisterhood method). Deaths among the most recent born child, bom since July 1990, were classified as cases (n = 106), and two controls, matched by age and cluster, were selected per case.
In many countries, child mortality rates have declined in the last decade, the improvements being attributed in part to child survival interventions' and/or use of primary health care services. 2 Socioeconomic factors such as the number of children under 5 years old, literacy and employment of adult family members, source of water, and housing quality are known to be associated with mortality, 3 " 3 and low access to or use of health services 6 including measles vaccination 7 " 9 were major determinants of mortality in Bangladesh, Haiti and Guinea-Bissau. In Mozambique, coverage of preventive health services increased markedly in urban areas over the 1980s, but the war, which was predominantly rural-based, had adverse indirect effects on general living conditions. It was therefore of interest to assess trends in child mortality. Since Mozambique's Mother and Child Health (MCH) programme enrols children with certain risk factors in 'special attention' clinics, we also wished to evaluate the usefulness of the risk approach. The risk criteria used by the MCH programme include: low birthweight, multiple delivery, absent mother, recent migration of the family, new pregnancy of the mother, early weaning, malnutrition, contact with tuberculosis, and measles or other serious illness.
In July 1993, we conducted a survey of child and maternal mortality in Beira city, Mozambique, and a nested case-control study of risk factors for child mortality.
MATERIALS AND METHODS

Study Population
Beira is the second largest city in Mozambique, with an estimated population of approximately 350 000. The city has large areas of swampland which are flooded during the rainy season, and a high diarrhoea-associated Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan 11981 1198211983 1198411985119861198711988119891199011991 11992119931
FIGURE 1
Reported measles incidence, Beira city, Mozambique mortality rate. 10 Card-documented measles vaccine coverage, estimated by cluster surveys, increased from 50% in 1983 to 75% in 1989 and 78% in 1992 (Ministry of Health unpublished data), but epidemics of measles occur every 2-3 years ( Figure 1 ). There has been extensive in-migration from surrounding conflict-affected areas (particularly during [1983] [1984] [1985] , and water supplies have been erratic following drought in 1983 and, from 1983-1986, because of frequent electricity cuts following attacks on electricity lines. Epidemics of cholera occurred in 1981-1983 and in 1992-1993 .
Sample Selection and Interview Procedure
A cumulative population list of bairros (communal units) was constructed, and 50 clusters, each of 90 women of childbearing age, were selected using the Expanded Programme on Immunization sampling method." For each cluster, we randomly selected one quarteirao (neighbourhood). In each quarteirao, starting from its geographical centre, a direction was chosen randomly, and a number, /, between 1 and 20 chosen randomly. The ith house in the direction chosen was the First house registered. Interviewers proceeded house to house until registering 90 women (continuing in the adjacent quarteirao if necessary). All women of childbearing age resident in each household were included in the study, so that the number of women registered per cluster varied from 90-101 (median 91). If the occupants were absent from a house, up to two return visits were made. In each household, a screening questionnaire was completed, to register all women of childbearing age in the household. Each woman was then interviewed using standard questionnaires, 12 " 14 to determine the mortality experience of their children and of their sisters.
For the nested case-control study, we defined cases as deaths among the most recent born children, born after 1 July 1990. Two controls were selected per case, from the same cluster as cases, matched for month of birth where possible, with up to 3 months prior to the birth date of the case being accepted. A more detailed questionnaire was administered to the mothers of cases and controls, to obtain information on MCH programme risk criteria as well as socioeconomic status, presence of the father, educational level of the parents, mother's use of antenatal care and reported illness, and child's place of delivery, birth order and birth interval. Of the MCH programme risk criteria, we were unable to investigate childhood malnutrition, abrupt weaning, or illness in this retrospective study. Because the homebased 'Road to Health' record is not kept after a child's death in Mozambique, information on birthweight was based on the verbal history given by the mother, and it was not possible to obtain accurate information on vaccination status for cases. At the end of the interview, for cases, we asked an open question on the cause of death. Data Analysis Data were entered using the software package EPI-INFO. Range and consistency checks were performed. Indirect methods were used to estimate mortality, using standard methods that have been described in detail elsewhere. l3 ' 15 ' 16 Briefly, for child mortality we used the 'children ever born' (Brass method) and 'Preceding Birth Technique ('PBT') approaches. The former derives estimates of q(x)-the probability of dying between birth and exact age x-from the proportion of children dead among those ever born to women in different age groups by allowing for the duration of exposure to the risk of dying. The duration of exposure is related to the age of the woman and to the timing of child-bearing. On average, the older the women, the longer ago their children would have been born and the longer the children would have been exposed to the risk of dying. The analysis uses standard age-patterns of mortality (we chose the 'South' model, which has been used previously in Mozambique 17 ) to estimate the distributions of ages at death of the dead children, and calculates life-table probabilities of dying. The reference date of each q(x) is estimated by making allowance for the age pattern of fertility by means of the ratios of the average parity of women in different age groups.
In the 'children ever born' method, the most recent mortality rates are based on the child mortality experience of younger mothers, who often represent disadvantaged women who marry and bear children earlier than usual. Their children also include a disproportionate number of first-born children, who are known to experience higher than average mortality risks. The 'children ever born' method can thus reliably establish trends in childhood mortality over the past 15 or so years, but does not provide a very robust estimate of very recent mortality rates, as the estimates derived from the two youngest age groups (15-19 and 20-24 years) are often unrepresentative.
A different estimate of recent child mortality was obtained using the PBT, which derives estimates of the probability of dying by different ages from the proportions of last-but-one children who have died, again using standard models of mortality patterns. From the average interval between births, we can estimate the time reference of the mortality estimate. This estimation method is based on deaths among children born to women of all ages during the 2 years prior to the survey, and usually gives a better estimate of very recent mortality than the 'children ever born' method. 15 Confidence intervals (CI) were constructed around the proportion dead of preceding-born children using methods appropriate for cluster samples;
18 since clusters had similar numbers of women, estimates were not weighted.
Maternal mortality was estimated from the proportions of sisters exposed to the risk of childbearing who died during pregnancy, childbirth, abortion or miscarriage, or in the 6 weeks after a birth. 14 Analyses of factors associated with childhood deaths were conducted using methods appropriate for matched case-control studies, using EGRET. 19 Variables which were significant at the 10% level on univariate analyses were included in conditional logistic regression models, and were retained in the model if they contributed at the 10% level to the fit.
RESULTS
Child Mortality
A total of 3190 houses were visited and 4609 women interviewed. The mean age of women was 27 years (SD 9.2), and the median age was 25 years. The age distribution of women in the survey sample was consistent with a developing country population (Table 1) . Table 1 shows the necessary data for the calculation of the probability of dying between birth and age 5 years above, the two most recent estimates are believed to be overestimates of mortality. Mortality decreased by about 14% between 1978 and the late 1980s (Figure 2 ). Although Figure 2 shows point estimates for specific years from the 'children ever born' technique, these are subject to a margin of error both in their magnitude and time location, hence we only assess the broad trends in child mortality. The most recent mortality estimate, obtained using the PBT, was much lower. In all, 1287 mothers reported having their last delivery since July 1991 and having had a previous delivery. Of penultimate births, 13.9% had died including twin deliveries (n=15), and of ante-penultimate births, 19.9% had died including twins (n = 8 deliveries). Relating these results to the South model age pattern of mortality gave an estimate of 5 q 0 of 154/1000 (95% CI: 124-184) for a reference date of December 1990. From the data on antepenultimate births, an estimate of 5 q 0 of 199 (95% CI : 163-235) was obtained for a reference date of mid 1988. Table 2 shows the data and the steps involved in the calculation of the lifetime risk of maternal mortality from the sisterhood method. The estimated maternal • Mean arm circumference of women in the study. mortality ratio was 410 per 100 000 live births, assuming a total fertility rate for Mozambique of 6.5 births per woman. 20 This corresponds to a lifetime risk of 1 in 38 for a woman to die of a maternity-related cause. The estimate refers to a time centred approximately 11 years prior to the survey, i.e. 1982. The average number of sisters of all ages varied only slightly according to the age group of respondents, from 3.1 to 3.4, and the reported proportion of sisters ever reaching age 15 showed the expected increase with increasing age group of respondents, supporting the validity of the survey data. The proportion of dead sisters who died of pregnancy-related causes, however, was lower than expected at 10.3% (this ratio usually lies between 25% and 33% in developing countries). 21 
Maternal Mortality
Risk Factors for Child Mortality
In all, 106 cases and 216 controls were recruited, among 1963 most recent-born children with dates of birth since July 1990. Table 3 shows results of univariate analyses. Of the MCH risk criteria, low birthweight was associated with mortality, while multiple delivery and recent migration (child born outside Beira) showed a non-significant tendency to increased mortality. Absence of the mother, a short birth interval, or a history of contact with tuberculosis, were not associated with mortality. Other factors which were significantly associated with increased mortality on univariate analyses included socioeconomic status (the best indicator of this was the lack of beds in the household), absence of the father, low paternal education, maternal age <25 years, mother attending antenatal clinic less than three times, child born at home, and a history of maternal illness since the child was born. There was a non-significant tendency for increased mortality among first-born children. Table 4 shows the crude and adjusted odds ratios for the variables included in the final model. Because there were few twins, the model only includes singletons. Low birthweight, although significant on univariate analysis, did not contribute significantly to the model, but there was missing information for approximately one-third of children. Table 4 also shows the sensitivity (the percentage of children who died who had the risk factor) and specificity (the percentage of controls who did not have the risk factor) for each factor. Young maternal age and household owning no beds had the highest sensitivity but low specificity. The absence of the father, and birth of the child at home were 32-33% sensitive and 82 -84% specific. The presence of any one of the factors in Table 4 had a sensitivity of 91% but specificity of only 22%. The presence of any of the factors excluding young maternal age and household owning no beds had a sensitivity of 70% and specificity of 54%.
Reported Causes of Death
Forty-seven deaths (44%) occurred in the neonatal period; of these, the mother did not state a cause of death for 20; 12 were related to complications of delivery or prematurity, 4 were associated with fever, and 11 were from a variety of other causes. In the post-neonatal period (n = 59 deaths), diarrhoea, dysentery and cholera were the most frequent causes of death (n = 28), followed by fever (n = 9) and respiratory tract infection (n = 4). Only three deaths were attributed to measles or its complications.
DISCUSSION
Estimated child mortality in Beira was high, almost one-quarter of children dying before age 5 years in the early 1980s. The indirect effects of the conflict in Mozambique on living conditions and health services in urban areas were complex. Adverse effects included increased in-migration from conflict-affected areas, interruption of electricity and water supplies, and a general decline in the economy. However, cities escaped the direct war injuries and attacks on health facilities that characterized the war in rural areas. 22 Indeed, although the number of physicians working in Beira decreased, the number of nurse-midwives working in Beira increased sharply after 1986, reflecting both the graduation of nurses from specialist motherchild-health nursing training programmes and the difficulty in placing nurses in conflict-affected areas outside Beira (Figure 3 ). Coverage of preventive health care such as measles vaccination and use of oral rehydration therapy (assessed in cluster sample surveys) increased in Beira, and child mortality declined, as it has in most neighbouring countries over a similar period.
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The estimate of 5 q 0 from the PBT corresponding to 1990/91 (154/1000) was much lower than that for the 'children ever born' technique, but it is difficult to say which of the two estimates is closest to the real level. As indicated earlier, the PBT is usually more reliable for recent estimates. However, the PBT estimate could have been artificially low if some women who had recently lost a child concealed this death. This may have been responsible for the unexpectedly low number of cases recruited in the case-control study. Mortality of siblings is linked, and if one birth and recent death is missed, we may have missed the death of its preceding sibling, too. It is also possible that interviewers failed to enquire carefully enough about recent deaths, since this would mean further work to complete the case-control questionnaire. The formulation of questions employed to identify recent births needs further assessment. We asked for the date of the most recent birth and then asked women whether they had previously delivered a live-born child and whether that child was still alive. It might be preferable to ask women about the outcome of the last pregnancy instead of the last birth. This method needs to be further tested for use in community surveys.
The estimated maternal mortality ratio in 1982 was high at over 400 maternal deaths per 100 000 live births. This estimate can serve as a useful baseline for evaluating the impact of maternal health services. Since 1986, according to routine reports, 64-77% of births in Beira have taken place in hospital, and in an immunization coverage survey in 1992, 86% of births had occurred in hospital. Because of the high population migration within Mozambique, much of the maternal mortality experience of sisters of interviewees in this survey relates to events which occurred outside Beira. Among families included in the case-control study, approximately 10% had lived in Beira less than one year, corresponding with previous studies in other Mozambican cities, 24 and 38% had lived in Beira for less than 11 years. The proportion of all deaths among women over age 15 years which were classified as maternal deaths in our study was lower than expected (10% versus >25%), and may reflect high war-related adult mortality in rural areas.
The case-control study was a feasible addition to the child mortality survey but increased the time necessary for the study by approximately 50%. It confirmed the association between child mortality and factors such as socioeconomic status, use of maternal and child health services, and young maternal age, which have been reported in other countries. The increased mortality among children born at home corresponds with previous findings of low vaccination uptake among these children. 24 This, and the absence of the father from the home, can serve as easily detected indicators of children at risk. The finding of increased mortality among children whose mothers had a self-reported episode of illness since the child was born was surprising, since most of the reported illnesses were mild. Nonetheless, this emphasizes the importance of an integrated approach to family care.
The usefulness of the 'risk approach' in MCH programmes needs further evaluation, however. 25 The risk factors in this study had low sensitivity except in combinations which reduced their specificity; other authors have noted problems with low sensitivity of potential screening factors for child health care. 26 ' 27 The care received at health facilities by children identified as high risk also needs evaluation; previous studies have shown that screening procedures such as growth monitoring have little impact on mortality in practice. 28 ' 29 This study, like a previous one in Nicaragua, 30 has shown that child health status can improve despite the combined stresses of economic decline and the indirect effects of conflict. The continuing importance of causes of death such as low birthweight, dysentery, malaria and respiratory infections shows the need for further strengthening of comprehensive health services. Follow-up studies should monitor trends in child mortality in the 1990s, and investigate the utilization and quality of all primary health care services in Beira.
